Experiments on anomalous osmosis recently published t suggest that isolectric gelatin assumes a negative charge when a solution of a salt with tetravalent anion, e.g. Na~e(CN)e, is added; and that isoelectric gelatin assumes a positive charge when a salt with a trivalent cation, e.g. LaCI3, is added. In these experiments special care was taken that the pH of the solutions was that of the isoelectric point of gelatin; i.e., pH 4.7. CaC12, Na2SO~, and NaC1 had apparently no such effect on the charge of isoelectric gelatin.
a recent book 2) and the gelatin was allowed to solidify at 15°C. The P.D. between the solid gelatin and the supernatant LaCI~ solution was then measured with two identical saturated KCl-calomel electrodes connected with a Compton electrometer as previously described3 Table I gives the observed P.D. The LaCI~ solutions used varied between M/24 and M/98,304.
The gelatin was nearly but not entirely isoelectric, since it had a positive charge of about 15 millivolts. This means that its pH was not 4.7 but probably about 4.6 or possibly slightly less. Table I shows that the P.D. rises upon the addition of increasing quantities of LaCI~ from 15 to 23.5 millivolts at a concentration of M/6,144 LaC18. When the concentration of LaC13 rises beyond this point, the P.D. decreases again until it becomes 5.0 at a concentration of M/24 LaC13. LaC1s acts, therefore, upon the P.D. of isoelectic gelatin in a similar way to HC1. In the case of HC1 it has been proven that a salt is formed between gelatin (or any other isoelectric protein) in which the t t ion becomes part of a complex positively charged protein ion while the C1 is the anion. It is natural to assume that the reaction is similar to that between NH8 and HC1 where the salt NH4C1 is formed, inasmuch as the protein contains NtI2 or N i t groups in which the N is still able to attract and hold electrostatically another H ion. The correctness of this view is supported by the fact that when we add tIC1 to a 1 per cent solution of gelatin and measure the C1 potential of the solution, the C1 potential is the same as when we add the same amount of 'HC1 to the same quantity of water (without gelatin), while the H potential is considerably lower in the gelatin solution than in the pure aqueous solution.
When we add increasing concentrations of HC1 to solid isoelectric gelatin, gelatin chloride is formed and the ionization of the protein leads to the establishment of a Donnan equilibrium between the solid gelatin and the surrounding aqueous solution, and the unequal distribution of the oppositely charged ions inside and outside the gel is responsible for the P.D? The theory of membrane equilibria 2 Loeb, 3., Proteins and the theory of colloidal behavior, New York and London, 1922, 154. 3 Loeb, 3., Proteins and the theory of colloidal behavior, New York and London, 1922, 120if; J. Gen. Physiol., 1920-21, iii, 667; 1921-22, iv, 351,463. demands that the P.D. increase with the increase in the concentration of gelatin ions formed, i.e. with the increase in the concentration of the acid added, and that the P.D. diminish with the increase of the concentration of C1 ions. At first, the augmenting influence of the acid (through formation of gelatin chloride) increases more rapidly with increasing concentration of acid than the depressing effect of the C1 ions, until a certain part of the gelatin is transformed into ions. From that point on the increase in P.D. due to the ionization of the gelatin increases less rapidly than the depressing effect of the • C1 ions and the P.D. diminishes again when more acid is added. This has all been discussed more fully and need not be repeated here. 3 The experiments mentioned in Table I show that LaC13 acts in a way entirely similar to HC1. When LaCl~ solutions of low concentration (and of pH 4.7) are added to isoelectric gelatin, the I'.D. rises with increasing concentration of LaCI3 until the concentration is M/6,144, when the I'.D. falls again. This suggests that the La ion of the LaC13 solution enters into combination with gelatin, as does the H in the case of HC1, by giving rise to gelatin-lanthanum chloride, in which the cation is a complex positively charged gelatin-La ion, while the anion is the C1 ion. The increase in ionization of the gelatin causes an increase in the P.D., while the C1 ion depresses the P.D. just as if HC1 had been added. There is this difference between the gelatin chloride formed by the reaction between isoelectric gelatin and HC1 and the gelatin chloride formed by the reaction between gelatin and LaC13; namely, that the LaCI3 can be easily washed away while the HC1 is held more tenaciously. 4 This is easily understood, since the radius of the La ion is so large that in spite of the high charge of the ion it is held with a considerably smaller force by the gelatin than is the H ion, which has no shell of electrons and whose positive nucleus can approach the N of the gelatin very closely.
The action of solutions of Na4Fe(CN)6 of pH 4.7 on isoelectric gelatin is similar to that of NaOH. The method was the same as that described in the case of LaC13. The results are given in Table II, showing that Na4Fe(CN)6 charges the gelatin negatively, the charge 4 Loeb, J., Proteins and the theory of colloidal behavior, New York and London, 1922, 27; J. Gen. Physiol., 1918-19, i, 237 Table II) . The next step was to find whether solutions of CaCh of pH 4.7 also give a positive charge to isoelectric gelatin and whether solutions of Na~SO4 give a negative charge. Table III shows that both of these salts, as well as NaC1, have only a depressing effect on the potential of isoelectric gelatin but cause no increase of P.D. in low concentration.
There is, however, a slight difference between the action of the three salts. While in the case of Na2SO4 gelatin becomes slightly negative in concentrations beyond M/512, this does not happen in the case of NaC1 and CaCh. The negative charge is, however, so small that it would not be wise to attribute much importance to this fact. The important fact is that solutions of LaC1s and Na4Fe(CN)e of pH 4.7 have a similar influence on isoelectric gelatin to that of acids and alkalies respectively, while this effect cannot be demonstrated in the case of NaC1, CaCh, or Na2S04. This would be intelligible on the basis of the assumption that the electrostatic attraction of Na,C1, SO4, and Ca ions is not sufficient to cause the formation of any considerable quantity of ionizable gelatin salts when reactLug with isoelectric gelatin; at least not in the concentrations of salts used in this experiment. If this surmise is correct, we must consider the fact that the electrostatic attraction of an ion is a function of at least two variables; namely, the number of charges and the radius. If this is taken into consideration it is not to be expected that all divalent ions should be as inactive as Ca or SO4.
II.
If the influence of LaC1s and Na4Fe(CN)e on the P.D. of solid isoelectric gelatin is due to ionization of the protein and the establishment of a Donnan equilibrium as a consequence of this ionization, this should betray itself also in the osmotic pressure of mixtures of isoelectric gelatin in solutions of LaC13 or Na,Fe(CN)8 of pH 4.7. The osmotic pressure of 1 gin. of isoelectric gelatin in 100 cc. of solution should at first increase with the concentration of LaC18 or Na4Fe (CN)e until a maximum is reached, and the osmotic pressure should then drop again if the concentration of these two salts is increased beyond this point. On the other hand, NaC1, LiC1, MgC12, CaC12, or Na2SO4 should have ei'ther no such effect, or it should be considerably smaller.
A stock solution of concentrated isoelectric gelatin was prepared and so diluted that 1 gm. (by dry weight) of such isoelectric gelatin was contained in 100 cc. of H20 or various concentrations of the salts mentioned, all of a pH of 4.7. Collodion bags of a volume of about 50 cc. were filled with these gelatin solutions. Each bag was put into a beaker containing 350 cc. of a solution of the same salt and the same concentration as that in which the gelatin was dissolved. These 350 cc. of outside solutions were free from gelatin but had the same pH as the salt solution inside the bag; namely, 4.7. The osmotic pressure was measured in the way previously described and the final measurements were made after 18 or 20 hours. The temperature was kept constant, in some cases at 24 °, but generally at 27°C. The higher temperature was chosen to prevent the gelatin from setting to a gel too quickly; i.e., before osmotic equilibrium between the gelatin solution and the outside solution was established. Isoelectric gelatin is rather insoluble but becomes more soluble if salt is added. We shall discuss this more fully in a later part of this paper.
The results of these experiments are given in Table IV . From this table it is clear that the addition of LaC13 and Ce(NO3)~ or Na4Fe (CN)6 acts on the osmotic pressure of 1 per cent solutions of isoelectric gelatin in a similar way as the addition of acid or alkali, inasmuch as the addition of little LaC13 or Ce(NO3)3 or Na4Fe(CN)6 raises the osmotic pressure until a maximum is reached at a concentration of ~/2,048 for LaCI~ and of ~/4,096 for Na,Fe(CN)6; while the addition of more LaC13 or Ce(NO3)3 or Na~Fe(CN)6 depresses the osmotic pressure. None of the other salts used, NaC1, LiC1, MgC12, CaCI2, or Na2SO4, acted in this way. There was possibly a slight rise when the concentration of these latter salts became very high.
These experiments confirm the conclusion reached in connection with the experiments on the charge of solid gelatin that salts with trivalent cations or tetravalent anions ionize isoelectric gelatin and thereby set up a Donnan equilibrium; while salts of the type of CaC12 or Na~SO4 or NaC1 do not act this way.
In the experiments just described it seemed advisable to measure also the influence of different salt solutions of pH 4.7 on the P.D. between solutions of isoelectric gelatin inside the collodion bag and the outside aqueous solution free from gelatin but also of pH 4.7. These measurements were taken at the end of the experiments after 8,192 or •/4,096 and that the P.D. drops again with a further increase in the concentration of the salt. The gelatin is positively charged, showing that the gelatin forms cations. Na,Fe(CN)6 acts similarly except that gelatin is negatively charged. NaC1, LiC1, Na2SO4, MgC12, and CaCh create no potential difference; or in other words, they cause no ionization of isoelectric gelatin. These results agree with the results obtained with solid gelatin and they agree also with the results obtained in the experiments on anomalous osmosis (Table V) . While all this seems clear, there remains the possibility that the effects of LaCI~ and of Na4Fe(CN)6 on the P.D. and osmotic pressure of isoelectric gelatin are due to a different kind of ionization from that assumed above. When a solution of LaCI~ of pH 4.7 is added to a gelatin solution of the same pH, the solution becomes more acid; and when a solution of Na4Fe(CN)6 of pH 4.7 is added to a solution of isoelectric gelatin, the solution becomes more alkaline. A solution of LaC13 of pH 4.7 makes, therefore, isoelectric gelatin more acid and this should lead to a formation of gelatin chloride, without the necessity of assuming the formation of a complex gelatin-La cation; while solutions of Na~Fe(CN)s of pH 4.7 make isoelectric gelatin more alkaline and this should lead to a formation of Na gelatinate. To test this possibility 1 per cent solutions of nearly isoelectric gelatin (pH 4.85) were made up in various concentrations of LaC13 of pH 4.7 and the pH was determined electrometrically (Table VI) .
According to Table V the highest p.I). is reached in LaC13-gelatin mixtures at a concentration of LaCI~ of ~/8,192; such a solution influences the pH of the gelatin solution too little to account for the P.D. of 8.0 millivolts, since near the isoelectric point the difference between pH inside and outside is almost zero.
It was then attempted to repeat the experiments on the influence of Ce(NO3)~ on the P.D. and osmotic pressure of solutions of isoelectric gelatin in buffer solutions, but these experiments failed since the addition of the salt contained in the buffer solution in itself sufficed to suppress the P.D. to be expected.
To reach a decision the following experiments were made. 1 per cent solutions of isoelectric gelatin were prepared and to some solutions was added HC1 to others NaOH so that the pH values obtained were approximately 3.5, 4.0, 4.4, 4.7, 5.0, and 5.5. These gelatin solutions were made up in solutions of different salts of the same pH. In this way it was possible to ascertain the influence of these salts on the pH of the gelatin solution (Table VII) .
The P.D. between these gelatin solutions inside the collodion bags and the outside aqueous solutions of the same salt and originally of the same pH as the gelatin solution (but without gelatin), was also measured after osmotic equilibrium was established. The figures for the r.D. are always under the figures for the pH of the gelatin-salt solutions. The result is very striking. The gelatin is always positively charged when the gelatin is dissolved in M/768
LaC13 regardless of the pH. Even when t h e . p H i a l the. solution is on the alkaline side of the isoelectric point the gelatin is positively charged in the presence of ~/768 LaC1,. No such result is observed when the salt added is NaC1, CaC12, or Na2SO,. In this case the P.D. across the membrane was zero at pH 4.7 and 4.8 and the gelatin became negative when the pH became 5.0 or above. This shows that the positive charge of isoelectric gelatin in the presence of LaC13 of pH 4.7 cannot be due to the change in pH but must be due to some other cause of ionization of gelatin such as the formation of a complex gelatin-La cation. The pH for Na,Fe(CN)6 could not be measured electrornetrically. In view of all these results we must draw the conclusion that salts with trlvalent (and probably also tetravalent)cations cause [soelectric gelatin and gelatin on the alkaline side of the isoelectric point (but near this point) to assume a positive charge owing to the formation of positively charged protein ions, probably of the type gelatin-La. This explains the reversal of the charge of gelatin by trivalent cations observed in anomalous osmosis and kindred phenomena. Tetravalent anions confer a negative charge on [soelectric gelatin and the mechanism is probably similar. Changes of hydrogen ion concentration may enter to some extent into these effects but they are probably of only secondary importance. N o such effects have thus far been obtained with salts possessing divalent or monovalent ions; i.e., salts of the type Na,SO4, CaCI,, and NaC1.
IV.
In a gelatin chloride solution of pH 3.0, the greater part of the gelatin is ionized, and since the H ion is held more firmly by the gelatin than the La ion, the addition of LaC13 to a solution of gelatin chloride of pH 3.0 should not have any augmenting effect on the P.D. or the osmotic pressure of the gelatin chloride solution. The only effect the addition of LaCI~ to a solution of gelatin chloride should have is the depressing effect of the C1 ions. Hence when we mix a solution of gelatin chloride of pI-I 3.0 with solutions of LaCls of the same pH the effect on the P.D. and the osmotic pressure should be merely a depression of the values of these latter properties, and the depression should be quantitatively identical with the effect of CaC12 or NaC1 solutions of the same concentration of C1 ions and the same pH.
This fact had already been ascertained in previous experiments already published, 3 but since these direct measurements of P.D. are of such importance for the theory of the origin of the 1,.D. between colloids and aqueous solutions it seemed advisable to repeat them. 1 gin. of gelatin chloride of pH 3.0 was dissolved in 100 cc. of solutions of various salts all brought to pH 3.0 through the addition of HC1. Collodion bags were filled with these solutions of gelatin chloride in different salts and each bag was dipped into 350 cc. of an aqueous solution of the same concentration of the same salt and the same pH as that inside the collodion bag, but without gelatin. Water diffused into the collodion bag until osmotic equilibrium was established, and the next day the final osmotic pressure and the I'.D. between gelatin solution and outside aqueous solution were measured. The solutions of the three salts were prepared in such a way as to have the same concentration of C1. In Fig. 1 are plotted the P.D. as ordinates over the concentration of the C1 ions as abscissae. It is obvious that the influence of NaC1, CaC12, and LaC13 on the P.D. is identical for the same concentration of C1. This proves t h a t only the CI ion of these salts influences the P.D. of a gelatin chloride solution of p H 3.0 and t h a t the L a ion does not increase the P.D. of the solution. 
Concentration of C1 ions
Fro. 1. Depressing influence of NaC1, CaCI,, and LaCI, on the P.D. between a 1 per cent solution of gelatin chloride of pit about 3.0 and aqueous solutions of the salts originally of the same pH, the two solutions being separated by collodion membranes. Ordinates are the P.D., absc/ss~e the concentrations of C1 ions of the salts. The depressing effect of the three salts is the same for the same concentration of C1 ions, proving that the cations do not influence the P.D. of gelatin chloride solutions. 
C H A R G E O P ISOELECTRIC P R O T E I N B Y IONS
In these experiments the hydrogen ion concentrations of the inside and outside solutions were measured and the writer begs leave to give these results (Tables VIII, IX , and X), since they prove once more that the P.D. between a solution of gelatin chloride and an outside solution across a collodion membrane is determined by the difference in the pH in the inside and outside solutions, as the Donnan theory demands. In these experiments the influence of the three salts on the osmotic pressure of the gelatin chloride solutions was also measured and the results are given in Fig. 2 showing that the osmotic pressure of a gelatin chloride solution of pH 3.0 is influenced only by the anion but not by the cation of the salt, since the effect of the three salts on the osmotic pressure of the solution is exactly the same when plotted over the concentration of the C1 ions. At this pH, therefore, the La does not increase the osmotic pressure of gelatin chloride solutions.
These observations support the idea that trivalent and tetravalent ions are able to transfer their charge to isoelectric protein by causing the protein to be ionized; probably in such a way that the trivalent or tetravalent ion is part of a complex protein ion. SUMMARY AND CONCLUSIONS.
1. Experiments on anomalous osmosis suggested that salts with trivalent cations, e.g. LaC13, caused isoelectric gelatin to be positively charged, and salts with tetravalent anions, e.g. Na4Fe(CN)~, caused isoelectric gelatin to be negatively charged. In this paper direct measurements of the P.D. between gels of isoelectric gelatin and an aqueous solution as well as between solutions of isoelectric gelatin in a collodion bag and an aqueous solution are published which show that this suggestion was correct.
2. Experiments on anomalous osmosis suggested that salts like MgC12, CaCI,, NaC1, LiC1, or Na~SO4 produce no charge on isoelectric gelatin and it is shown in this paper that direct measurements of the 1,.D. support this suggestion.
3. The question arose as to the nature of the mechanism by which trivalent and tetravalent ions cause the charge of isoelectrlc proteins. It is shown that salts with such ions act on isoelectric gelatin in a way similar to that in which acids or alkalies act, inasmuch as in low concentrations the positive charge of isoelectric gelatin increases with the concentration of the LaC18 solution until a maximum is reached at a concentration of LaCl, of about ~/8,000; from then on a further increase in the concentration of LaC18 diminishes the charge again. It is shown that the same is true for the action of Na,Fe(CN)6. From this it is inferred that the charge of the isoelectric gelatin under the influence of LaC18 and Na~Fe(CN)6 at the isoelectric point is due to an ionization of the isoelectric protein by the trivalent or tetravalent ions.
4. This ionization might be due to a change of the pH of the solution, but experiments are reported which show that in addition to this influence on pH, LaC18 causes an ionization of the protein in some other way, possibly by the formation of a complex cation, gelatin-La. Na4Fe(CN)6 might probably cause the formation of a complex anion of the type gelatin-Fe(CN)6. Isoelectric gelatin seems not to form such compounds with Ca, Na, C1, or SO,.
5. Solutions of LaC18 and Na,Fe(CN)6 influence the osmotic pressure of solutions of isoelectric gelatin in a similar way as they influence the P.D., inasmuch as in lower concentrations they raise the osmotic pressure of the gelatin solution until a maximum is reached at a concentration of about ~/2,048 LaC13 and x~/4,096 Na4Fe(CN)e. A further increase of the concentration of the salt depresses the osmotic pressure again. NaC1, LiC1, MgCh, CaCI,, and Na~SO4 do not act in this way.
6. Solutions of LaC1, have only a depressing effect on the P.D. and osmotic pressure of gelatin chloride solutions of pH 3.0 and this depressing effect is quantitatively identical with that of solutions of CaCh and NaC1 of the same concentration of C1.
